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A FLIGHT INVESTIGATION OF THE EFFECT OF MASS DISTRIBUTION AND
CONTROL SETTING ON THE SPINNING OF THE XN2Y-1 AIRPLANE

By N. F. Scupper

SUMMARY

The investigation of the effect of mass distribution on
the spinning of airplanes inittated with the tests on the
NY-1 airplane has been continued by tests on another
airplane in order to increase the scope of the information
and to observe particularly the behavior of an airplane
that shows considerable change in sideslip angle for s
various conditions of spinning.

The XN2Y-1 naval training biplane was used for the
present tests in which changes of ballast along the longi-
tudinal and lateral axes and changes of aileron, stabilizer,
and elevator seftings were made. The effects of these
changes on the steady spin were measured in flight.

The effects of varied mass distribution and conirol
setling were foundto be in agreement with the results found
with the NY~1 airplane except for the cases in which
changes in sideslip occurred with the changes in the other
parameters of the spin. Satisfactory qualitaiive agree-
ment between these tests and the theory developed in the
analysis of the N'Y—1 spin, extended to include the effects
of sideslip on equilibrium, was obtained when reasonable
assumptions as fo the aerodynamic properties of the
airplane were made.

The effect of a large amount of ballast placed on the
wing struis (not fested with NY—1) was to increase the
angle of attack, raie of rotation, and inward sideslip.
These effects were in agreement with the theory developed
for the NY-1 airplane. No dangerous features of the
recovery developed during the tests.

INTRODUCTION

The question of safety in the spinning of airplanes
continues to be a matter of great importance to design-
ers and users of airplanes. Various methods of esti-
mating the probable spinning properties of an airplane
using wind-tunnel tests or computations employing
the dimensions of the airplane have been devised, but
at present no effective method for predicting the
spinning properties of an airplane exists. Further
flight and wind-tunnel testing is, therefore, being
conducted by the N.A.C.A. to determine the design
characteristics necessary to diminish or eliminate the
danger associated with the spinning of airplanes.

The investigation of the effects of mass distribution
on spinning made by the Committee (reference 1) has

been continued with another airplane to get further
information on this subject. The first tests, in which
the NY-1 airplane was used, did not bring to light the
effect of sideslip on spinning equilibrium and further
tests that would indicate the generality of the con-
clusions already obtained were desired.

The present paper is a report of flight tests made on
the XN2Y-1 airplane in which mass distribution along
both the longitudinal and lateral axes was varied and
the control surfaces were deflected in various ways.
‘Wind-tunnel measurements of the aerodynamic prop-
erties of this airplane have not yet been made, but a
model is under construction in preparation for tests on
the N.A.C.A. spinning balance. The tests reported
herein were made during the year 1931.

APPARATUS AND METHOD

The airplane used for these tests was a naval training
biplane powered with a 7-cylinder Warner 110-horse-
power engine. Ballast containers were fitted at the
center of gravity, under the engine mount, in the tail
of the fuselage, and at the outer interplane struts.
‘With the exception of the one under the engine mount,
all ballast containers were located on an airplane axis,
or so close to one that the distance to the axis could be
neglected in computations of moments of inertia of the
ballast. All but the container at the center of gravity
were provided with means of dumping the ballast
carried in them by operation of a lever in the pilot’s
cockpit. It was never necessary, however, to release
the ballast during the tests. The containers at the
wing struts were conveniently made of heavy canvas;
the others were made of metal. The line drawing
(fig. 1) shows the dimensions of the airplane and the
positions of the ballast containers.

The initial moments of inertia of the airplane with
its test equipment installed were obtained by means of
swinging tests as described in reference 2.

The rigging and external dimensions of the airplane
were not changed during the period of the tests. The
effect of control setting on the steady spins was
obtained for ailerons deflected with and against the
spin, elevator up and down, and stabilizer full up and
full down.
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The quantities necessary for a complete determina-
tion of the motion of the airplane were measured with
an instrument installation essentially the same as that
described in reference 3, consisting principally of three
electrically driven gyroscopic angular-velocity record-
ers, o three-component accelerometer, a sensitive alti-
meter, and a timer. The accelerometer was placed as
close to the center of gravity as possible and the read-
ings were corrected to the center of gravity. For these
tests the accelerometer was housed in an insulated box
that was held at a constant temperature by a thermo-
statically controlled electric heater. Control of the
operating temperature of this instrument eliminated
temperature-effect errors and obviated the necessity
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PRECISION

The precision of the instrumental measurements was
equivalent to that stated in reference 1. There were
probably fewer cases of error due to faulty operation
of the angular-velocity recorders in these than in pre-
vious tests because of frequent checks on the speed
of the gyroscopes.

The Iimits of error of the fundamental measurements
may be summarized as follows: Angular velocity, *3
percent for each component; acceleration, £0.05 g;
interval of altitude, 3 percent; time, 3 percent;
weight, 1 percent; moments of inertia, + 2.5 percent,
+1.3 percent, and +0.8 percent for A4, B, and C,
respectively.
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FIGURE 1.—Line drawing and general dimensfons of the XN2Y-1 airplane.

for frequent changes of the damping oil with changes
of air temperature. Special precautions were also
observed to insure precision of the angular-velocity
records. The cover of each angular-velocity recorder
was provided with a window through which the gyro-
scope rotor could be seen, so that the speed of the
gyroscope could be checked at the end of each flight
by means of a portable stroboscope, for the purpose of
detecting changes in calibration.

The method of making the flight tests and computing
the results was the same as that described in reference
3. The mean altitude for the spin records was 3,000
feet and the standard-atmosphere density of 0.002176
slug per cubic foot for this altitude was used in com-
puting all the coefficients.

RESULTS

Before presenting the results of the tests, a list of
the symbols appearing in the text or tables that are
not sufficiently defined on the covers of the report is
given with definitions. A more extensive table of
symbols and definitions may be found in the appendix
of reference 3.

X", Y, 2", forces along ground axes.

D, ¢, r, components of angular velocity about air-

plene axes (based on the thrust line).
ax, angle of attack referred to airplane X axis
(principal X axis for practical purposes).

B, angle of sideslip (positive for outward sideslip,
left spin; negative for outward sideslip, right
spin).
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A= Qb spin coeflicient (2, resultant angular ve-

2V locity).
A, B, C, moments of inertia about the principal
axes. .

C M _ The symbol ), as used here may be
LT Y converted to the usual form by
multiplying by thespan-chord ratio,

which is 7.47.

The data are presented completely in numencal form
in tables I, II, and ITI. Table I gives the results
measured with instruments, table II gives the condition
of the airplane at the time of the spin, and table IIT
gives the results computed from records. Pitching
moments about the initial center-of-gravity position
were used in computing all pitching-moment coeffi-
cionts. This method required adding the moment of
ballast (taking effect of accelerations into account) to
the gyroscopic moment of the airplane for the cases in
which tail-heavy conditions of loading were used.
The center-of-gravity position is given as percentage
mean chord in table II. This mean chord was taken
as the chord in the plane of symmetry midway between
the upper and lower wing roots measured along the line
connecting one-third chord points, with leading and
trailing ends on lines joining the corresponding edges
of the upper and lower wings, and having an incidence
midway between that of the upper and lower wings.

DISCUSSION OF RESULTS
EFFECT OF INCREASE OF WING LOADING

Ballast condition| Test no. %’ e | *x| 8| «+ v | Re
Lbj{ Rad.f
8. sec. ° ° ° Fi fsec| FL.
No bnnast, left | 88,40,41__.| 7.60| 3.05|58.5(—4.1] ~84.6| 4| 28
nnf’nﬁtm,,m 43,44,45...| 8.85| 3.16(58.7| L3|-81.4| 81.8] 28
No llmuast, right | 118,120,121 7.60| 4.10|60.2]13.4]| —86.1| sL2| Lo
8
Dallast at eg., | 122,124,125 885 4.22|588|126]—863| 71.8| .1.1
right spin,

1 Note that positive 8 for right spin is Inward sldeslip, as i3 negative 8 for left spin

For the left spins the linear velocity varied as the
square root of the wing loading, but for the right spins
the variation of linear velocity was greater. The addi-
tional increase of linear velocity in the latter case was
probably caused by the decrease of drag as a result of
decreased angle of attack. Increase of wing loading
caused an increase in the rate of rotation, but not as
much incresse as was noted for similar tests on the
NY-1. The other changes were slight.

The right spins differ from the left spins considerably,
both in respect to the magnitudes of the parameters
and the relative changes resulting from the increase of
wing loading. These differences between right and
left spins are evidently due to dissymmetry of the air-
plane, because the motor was stopped for all tests.
One item of dissymmetry comimon to airplanes was

shown to be of considerable importance on the subject
airplane; namely, fin offset. Placing the fin parallel
to the plane of symmetry eliminated most of the differ-
ences in the characteristics of the right and left spins.
This result was obtained subsequent to the spin tests
given in this report by repeated trials with the fin
neutral and offset various amounts. The remainder
of the dissymmetry may be attributed to rigging and
irregularity of airfoil section. The rigging and airfoil
sections were measured very carefully, and small dif-
ferences were found, but these could not be more than
partially corrected without rebuilding the au'pla.ne in
accurate jigs.

EFFECT OF MOVING BALLAST FROM THE CENTER
OF GRAVITY TO THE NOSE AND THE TAIL

Ballastcondition | Testmo. [ @ | % | 8 | = v |(Bed
’ Rad.fsee] © ° ° | Ftjeec.| Fe.
Ballastm at c.g., loft | 43, 44,45.| 216 | 63.7| L3| —8L4| 846 | 2.6
e .
Baﬁastatnose and | 51,52, 54..| 278 | 50.0 .3]| —-83.0| 87.2 3.8
tall, left spin.

Change of the amount of ballast shown in table IT
from the center of gravity to the nose and the tail with
no shift of mass centroid caused a decrease of angle of
attack, a decrease in rate of rotation, slight change in
sideslip, and a decrease in glide-path angle. These
results are the same as the results of the corresponding
tests with the NY—1 airplane.

EFFECT OF MOVING BALLAST FROM THE CENTER
OF GRAVITY TO THE WING STRUTS

Ballast conditlon | Testmo. | a [“z | 8 | « v |Rad-
Rad Jsec.| ° ° ° Fti{u:. Ft.

All ballast at c.g., | 43,44,46___ 316|537 L3 | —844 8 2.6
left epin.

Ballas?at. ¢.g. and | 56,57, 58... 330 |5L8| 17| —884 87.9 25
wing holders 34
full, left spin .

Ballast at c.g. and | 60,61,62... 322 |524)] L5 —8438 83.2 2.8
wing halders
full, left spin.

Ballast at c.g. and | 82,84,85... 442 )68.6 |—-7.5 | —87.4 67.1 T
wing holders full,
left spin.

The result of transferring a large amount of ballast
to the wing struts of this airplane was an increasein the
equlibrium angle of attack, an increase in the rate of
rotation, and a decrease in the radius and vertical veloc-
ity. For less than the maximum amount of ballast
added, the changes in the equilibrium conditions of the
spin were small and not proportional to the amount of
ballast moved to the wing tips. Thus, the first incre-
ment of ballast change caused a decrease in angle of
attack and very little change in the other parameters
of the spin equilibrium. The mechanism of this
behavior will probably be better understood when data
showmg the aerodynamic properties of the airplane in
a spin have been obtained from wind-tunnel measure-
ments. The results for the subsequent additions of
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ballast were in agreement with the predictions of the
theory.

It is important to note that these additions of
ballast at the wing tips did not introduce any danger-
ous changes in the nature of the recoveries. Recovery
was observed to be slower for the sping characterized
by high angle of attack and high rate of rotation, but
no tendency for the controls to become ineffective was
observed. No systematic tests arranged to show as
closely as possible the effect of mass distribution on
the ease of recovery were made; the foregoing state-
ment was based on the observations made by the pilots
during the spins required to make the records.

EFFECT OF MOVING BALLAST FROM CENTER OF
GRAVITY TO TAIL

Ballastcondition | Testno. | 2 |a, | 8 | + | v |BodF

Rad feee| © ° ° sec.| Ft.
Ballast at c.g., left | 43,44,45...| 316 | 83.7| 13| —844 %6 2.6
B at ¢.g. and | 88,89,90.. 3.12|63.5]-9.3| —849( e8| 21
tatl, left =p!

Moving ballast from the center of gravity to the
tail caused a very slight decrease in rate of rotation
and slight increase in radius, but the most important
changes were increases of angle of attack and angle of
inward sideslip. The tests with the N'Y-1 airplane
and the theory based on the NY-1 model tests indicate
that, in the absence of changes of sideslip angles, the
angle of attack should have decreased if it changed
at all.

A further study of these results making use of curves
derived from the NY-1 model tests leads to an inter-
esting conclusion regarding the yawing moments of the
wing cellule. As regards the effect of sideslip on gyro-
scopic yawing moments, the observed change in side-
slip between the two conditions of mass distribution
would be expected to result in a decrease in the angle
of attack for equilibrium. Likewise, the change made
in (C~4) by placing ballast in the tail would lead to a
decreased equilibrium angle of attack. On the other
hand, the loss of damping yawing moment of the tail
accompanying the observed change in sideslip would
be expected to require an increase in the angle of
attack for the equilibrium. The net effect would be
expected to be little, if any, change in angle of attack
instead of the increase as was actually observed. It
seems probable, therefore, that the wing yawing mo-
ments tending to assist the spin increased, the increase
corresponding to an increase in coefficient of about
0.01.

The results of these tests illustrate an example of
changes in the relative values of the parameters of the
pitching-moment equilibrium not previously encoun-
tered in this investigation. An inspection of the simple
equation for pitching-moment equilibrium
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shows several possibilities when (C-4) is changed. In
the absence of sideslip changes, previous studies have
shown definitely that pitching-moment equilibrium is
reestablished after an increase in (C~A) by decrease of
angular velocity and only slight change in angle of
attack. The absence of change of angle of attack
without change in angle of sideslip eliminates the
possibility of large change of wing yawing moment, so
that the prediction of the consequences of a change in
(C-4) may be made with considerable certainty.
The effect of changing (C—A) by moving ballast to the
nose and tail with the XN2Y~1 airplane was in agree-
ment with such a prediction. When sideslip is intro-
duced as a factor in establishing the new equilibrum,
considerable changes in yawing-moment equilibrium
may be produced, as evidently occurred in the tests
with ballast at the tail. In this case, pitching-moment
equilibrium was reestablished by a slight decrease of
angular velocity and a considerable change in aero-
dynamic pitching moment resulting from the increase
of angle of attack required for equilibrium of all
moments.

EFFECT OF MOVING BALLAST FROM CENTER OF
GRAVITY TO WINGS AND TAIL

Ballastcondition | Testmo. | @ |a [ 8| + | v |R-
Radfeec] o | © | o |Fujeec.| F.
@45 41687 L3| -8e4| 86|20

Ballast at c.g., left
in.

palssatcp, wing,

The changes in the spin equilibrium resulting from
transfer of ballast from the center of gravity to the
wing tips and the tail are about what would be ex-
pected after inspecting the results of the tests made
with each of the two ballast changes separately. The
angle of attack increased to the largest value yet
measured and the sideslip increased in the inward
sense. The decreases in linear velocity and radius of
spin were relatively large.

77,78,7... 3.88(70.1|-88|—856]| en.5| .04

EFFECT OF DISPLACEMENTS OF STABILIZER,
ELEVATOR, AND AILERONS

Control-surface Ra-
positions Test no. Q a, B8 v v dius
PRad.[sec.| © ° ° | Fi.fsec.| FU
Normal !, 38, 40, 41 3.05]58.5]| —4.1] —84.6| 78.4] 2.8
Stabflirer, leading edge | 102,103, 104.| 3.06| 627 [—125| —86.0| 658 1.2
i}
Btag'mzer, leading edge | 88,101______ 3.76 | 60.3 |—10.1 | —85.6| 654 | 1.4
down.
Elevator down___..... 111,112, 113. 3.70| 532 —.6|—84.1| 60.4| L9
Alflerons with spin____.| 105,106, 107_ 3.65|57.3 |—11.0 | —84.8 | 68.1| 1.7
Aflerons against spin.__.| 108, 109, 110. 4.02)657| ~0.4| —80.7| 069 .50

1 Aflerons neutral, elevator full up, rudder hard over (left). Subsequent entries
in this column give detalls in which the control getting deviated from the normal
sotting. Al deflections were to the limit of full travel,
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Comparison of the values of angle of attack ob-
tained with the stabilizer neutral, up, and down shows
unexpected relations until the effect of the changes of
sideslip are considered. Since the values of sideslip
for the two sets of tests with stabilizer up and down
were respectively 8° and 6° greater in the inward sense
than for the tests with the stabilizer neutral, it may
be seen from the theory given in reference 4 that the
angle of attack should be greater for the former two
tests than for the latter, although it would be expected
that the angle of attack for stabilizer neutral would
fall between the values for stabilizer up and stabilizer
down in the absence of changes of angle of sideslip.
TFurther consideration of the results shows also that
the effect of moving the stabilizer from up to down
had, comparatively, a small effect on the spin, and
that this effect was in agreement with the theory
relating to the effect of pitching moment on the spin-
ning equilibrium.

Moving the elevator down caused the expected in-
crease in rate of rotation, but the change in angle of
attack was negligible. The change in angle of side-
glip was from —4.1° to —0.6°, an increase in the out-
ward sense, which would of itself cause a decrease of
angle of attack and therefore offset the increase of
angle of attack required by the theory when the ele-
vator is moved down and sideslip angle does not
change.

Comparison of the test results for ailerons neutral
and with and against the spin shows greater angle of
attack and greater inward sideslip for ailerons deflected
either way from neutral. The increase of angle of
attack for both deflections was evidently associated
with the increase of inward sideslip, but the increase
of inward sideslip for both deflections is not readily
explained from the present knowledge of the problem.
Further wind-tunnel tests may lead to an understand-
ing of this result.

Comparison of the tests of ailerons with the spin
and against the spin shows the angle of attack to be
less and angle of sideslip greater inward for ailerons
with the spin. Force tests at angles of attack in the
spinning range (reference 5) indicate that aileron de-
flection with the spin would increase both the lift and
drag of the outer tip. The changes of forces on the
inner tip as a result of changes of aileron setting would
be inappreciable because the angle of attack of the
inner wing tip in these tests was very close to 90°.
Such a change in the forces on the wings would require
an increase of inward sideslip for rolling-moment equi-
librium, but the increase in drag at the outer tip
would cause the increase in angle of attack for simul-
taneous yawing-moment and pitching-moment equi-
librium to be less than would have been the case in
its absence. Deflection of the ailerons against the
spin would produce opposite moments and changes in
the spin. Although the values of the spin parameters

for ailerons neutral did not lie between the values for
ailerons with and ailerons against the spin, it is seen
that the tests for ailerons with the spin and against
the spin taken alone give results in agreement with
the theory.

These ailerons produced much less pronounced
changes in the spin than were produced in the case of
the N'Y~1 airplane. The differences of aileron arrange-
ment and deflection for the two airplanes is such that
the difference in effects would be expected.

FURTHER INVESTIGATIONS

The model tests already planned for this airplane
on the spinning balance will be of particular value in
clarifying the understanding of the results reported
herein, especially such questions as why the addition
of ballast at the struts did not make an important
difference until it had all been added, why the values
for ailerons neutral did not fall between those for
ailerons deflected each way, and whether the change
of wing yawing moment anticipated as a result of
the flight tests with bellast at the tail is due to the
change of angle of attack or to the change of angle of
sideslip. The flight tests give information only about
the conditions that actually produce equilibrium; the
wind-tunnel tests should, in addition, give the con-
ditions that prevent the existence of equilibrium at
other values of the parameters involved. This latter
information will be equally valuable to a complete
knowledge of the subject.

The subject of yawing moments of the wing cellule
as a function of angles of attack and sideslip holds a
very important position in the studies leading to
methods of predicting the design characteristics of
airplanes that lead to danger in spinning. It is
necessary that more information be obtained for
ordinary wing-cellule arrangements and that design
characteristics be sought which will produce the mini-
mum of undesirable wing yawing moment. ‘

CONCLUSIONS

The following conclusions are directly comparable
with the conclusions drawn from similar tests con-
ducted on the NY-1 airplane, with the exception of
the first three items, which pertain to effects that were
not investigated in the previous case. In many in-
stances, the conclusions drawn from the NY-1 tests
are substantiated herein, but as regards items 4 and 5,
there is disagreement. This disagreement indicates
the importance of sideslip in the spinning equilibrium,
for in the tests to which these conclusions pertain
there was a variation in sideslip of considerable mag-
nitude, whereas with the NY-1 airplane, there was
little or no variation in sideslip angle.

1. The result of moving a large amount of ballast
from the center of gravity to the wing tips without
change of mass centroid was a large increase in angle
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of attack and rate of rotation, and a considerable
diminution in the radius of the spin..

2. The effect of moving the ballast from the
center of gravity simultaneously to the wing struts
and tail is to produce changes of the same sense as
would be obtained by adding the effects obtained for
the two changes made separately, although the nu-
merical magnitudes of the changes to the parameters of
the spin were not as great as the sum of the effects for
the changes made separately.

3. The results of these tests are in agreement with
the prediction of the theory applied to the NY-1 tests
when the theory is extended to include qualitatively
the effects of sideslip.

4. The effect of moving the center of gravity aft by
moving the ballast from the center of gravity to the
tail was an increase in angle of attack and in inward
sideslip. .

5. When ailerons or stabilizer were deflected both
ways from neutral, the values of the parameters for
the resulting spins did not fall on both sides of the
corresponding values for the normal spin, but instead
were either greater or smaller than the corresponding
normal spin values for both senses of control deflec-
tion. This behavior is associated with observed
changes in angle of sideslip.

6. Linear velocity and angular velocity increase with
wing loading. If no change in angle of attack and no
large change of angle of sideslip occurs, the linear
velocity varies as the square root of the wing loading.

7. The changes in the spin parameters produced by
moving ballast from the center of gravity to the nose
and tail with no change of mass centroid were decrease
in rate of rotation, decrease in angle of attack, de-
crease in glide-path angle, and a slight change in
sideslip angle.

8. Change of elevator deflection from up to down
caused an increase in rate of rotation and a change of
sideslip in the outward sense, but no change in angle
of attack.

9. Change of stabilizer setting from leading edge full
up to full down had very little effect on the spin. The
sense of the changes was the same as for elevator
deflections causing the same changes of pitching
moment of the tail.

10. Spins with aileron set with the spin as compared
with spins with aileron against the spin are charac-
terized by smaller rate of rotation and angle of attack
and almost the same but slightly greater angle of
inward sideslip.

11. This and previous investigations of the effect of
mass distribution on the steady spin indicate that
even large changes in mass distribution along the
longitudinal and lateral axes do not cause airplanes
having satisfactory aerodynamic characteristics at
spinning angles of attack to spin dangerously. Large
changes in the parameters of the spin may be caused,
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but no noticeably dangerous features of the spin
develop. ' '

LaNGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NaTroNarL ADvisoRY COMMITTER FOR ABRONAUTICS,
Lanagrey Figwp, Va., Jenuary 10, 1934.
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TABLE L—INSTRUMENT DATA

Aczel:rometer readings .

Angular veloclty readings correoted to ep, Vgx;{.l

Test veloo-
no.! ity
rad q r x Yy |z |

Jsec. | Rad fsec. | Rad.fzec. mg mg mg | seo.
8L | —1.85 | 0515 | ~252 [—0.0510 |—o0. 131 [75.8
4L | -L70 492 | —2.49 | —. 0366 | —.0142 |13t |7a.9
4L | —-Le8 ‘338 | —237 | —oM5 | — 1.31 [76.1
4L | 1.7 .285 | —265 | —0750 | .0%03 |L26 [83.2
4L | —-Ls7 .B1 | —256 | —.08186 | — 004 [1.20 {7090
451 | —Ls9 J146 | —2.48 | —.0347 | .0310 [1.31 [50.8
SIL | ~L75 .204 | —1.97 | —.0383 | .0003 [1.32 [35.4
s2L | —L78 383 | —2.19 | —.0885 | —.0147 [1.30 [57.3
5L | —L72 3% | —227 | —030 | — 0166 [1.34 [87.0
56L | —2.01 .26 | —2.68 | —.0570 0138 [1.20 2
57L | —1.99 .183 | —2.83 | —.0978 0118 [1.20 [84.6
58L | —2.08 218 | —2.60 | —.0777 0216 [1.24 1
60L | —1.95 218 | —2.85 | —0327 | .0188 [1.28 i84.8
6IL | —L40 (168 | —2.55 | —.0310 | .0102 |1.29 2
62L | —Lod 302 | —259 | —.0%08 0020 |1.30 [81.4
L | —L18 830 | —3.64 | —.253 | —.0168 [1.08 [05.8
78L | —L20 860 | —355 | —.28 | — 1.10 [69.2
ML | —L21 .813 | —3.53 | —.225 | —.0132 |1.10 (6.3
82L | —L47 73 | —3.81 .0239 0376 |1.13 [00.8
8L | ~1.53 57 | —4.20 | .osdo 1 .13 186.7
8L | —148 6T | —419 | L0207 0451 [1.11 |67.0
8L | —L27 .78 | —2.76 167 1.12 [74.9
9L | —L24 808 | —2.82 | — 188 | —l018 |1.14 [76.8
9L | —L32 707 | —2.88 1685 | —.0135 |16 (74.7
oL | —L72 015 | —3.20 0183 | —.0270 [1.22 |85.8
0L | —L78 T8 | —2.88 0010 | —.0143 {1.23 [70.4
101L | —-L71 035 | —2.25 0250 | —. 0157 {1.18 [64.5
102L | —1.63 Lo7 —3.30 .0162 | —.0320 |1.16 [65.1
1L | —Lé65 103 ~3.48 | .0088 | —.0i07 (1.18 |[65.0
104L | —L61 1.12 .46 | .0073 | —o22 [1.20 [06.2
105L | —174 .053 | —=.88 [ —.o0031 | —.0540 |1.21 [70.90
103L | —L72 987 | —2907 | —.0010 | —. 0308 |1.23 [06.8
107L | —1.80 o711 | —2.08 | .0050 | —.0585 |1.23 [08.7
108L | —Ls0 .882 | —3.65 042 | .0119 [L15 (648
109L | —L&3 838 | —3.68 0182 | .0271 |1.11 [66.5
110L | ~L#&1 197 | 388 0161 | .0155 [1.10 [69.1
ML | —2.37 381 | —271 L0719 0275 (L34 |o0.2
112L | —2.04 (400 | —3.16 | —.042 L2l [63.2
13L | —2.02 463 | —s.07 . 0503 0314 [1.23 650
118R 178 1.10 3.40 | .0761 0322 |1.19 [86.4
120R 182 1.30 367 | .138 L0201 [1.23 [a1.9
121R 1.87 L13 347 | .oopd .0183 [L18 [64.7
123R 196 110 3.68 | .0826 | .0303 |L20 [78.8
124R 204 127 365 | .o704 | L0311 [1.24 [0S.4
125R 200 | L12 3.38 .0817 | .0438 (L24 [69.7

1 I, left-hand spin; R, right-hand spin.



EFFECT OF MASS DISTRIBUTION AND CONTROL SETTING ON THE SPINNING OF THE XN2Y—1 AIRPLANE 191
TABLE II.—PROPERTIES OF AIRPLANE

Ballast, pounds Momental ellipsoid constants
Cyg.
Welght aosi—
'I;:.s_t dgpm g A B ¢ ia p erocna'nr. - Control setting
poun&s Front | C.g. Rear | Wing mean
8lug Slug Slug ° chord
feet? | feet? | feet?
L 1,573 0 0 0 0 741 919 | 1,367 0 32.2 | Normal, stabilizer neutral.
40L 1, 562 0 0 0 0 741 919 | 1,367 0 32.3 Do.
41L 1,568 0 0 0 0 741 919 | 1,367 0 322 0.
43L 1,780 0 240 [ 0 748 921 | 1,367 0 32.6 Do.
44L 1,788 [1} 240 0 0 743 921 | 1,367 0 32.6 Do.
45L 1,788 0 240 0 0 743 921 | 1,367 0 32.6 Do.
51L 1,811 192 0 48 0 760 | 1,201 | 1,639 175 32.2 Do. N
52L 1,811 192 0 48 0 750 | 1,201 | 1,639 L75 322 Do. "
L 1,778 192 0 48 1} 750 | 1,201 | 1,639 1.75 322 Do.
56L 1,788 0 174 0 a8 860 921 1,584 [} 3L7 Do.
571 1, 806 [} 174 0 66 860 921 | 1,584 0 3L7 Do.
58L 1,785 0 174 0 68 860 921 | 1,584 1] L7 Do.
GOL 1,817 0 140 0 100 | 1,086 921 | 1,690 0 3L8 Do.
61L 1,817 0 140 0 100 | 1,086 921 | 1,600 0 3L8 Do.
62L 1,811 0 140 0 100 | 1,088 g21 | 1,600 0 3L8 Do.
7L 1,709 0 58 48 134 | 1,172 | 1,182 | 2,007 0 40.6 Do.
78L 1,709 0 58 48 134 1,172 | 1,182 | 2,007 0 40.8 Do.
7L 1,798 0 58 48 134 1,172 | 1,132 | 2,007 0 40.6 Do.
82L 1,709 0 106 0 134 | 1,172 921 | 1,708 0 3L9 Do.
84L 1,709 0 106 0 134 | 1,172 921 | 1,798 0 3L0O Do.
85L 1,708 0 108 0 134 11,173 921 | 1,706 0 3L9 Do.
ssL | 1,700 o 12 48 o | 786 |1L182 | L8901 | 0 40,2 Do.
8L 1,771 0 192 48 0 766 | 1,182 | 1,501 0 40.2 Do.
0L 1,789 0 192 48 0 766 | 1,182 | 1,501 0 40.2 Do.
8L 1,548 0 0 ] 0 754 019 1,380 0 82.2 | Normal, stabilizer down 235°.
100L 1,540 0 0 0 0 754 019 1,380 0 32.2 Do.
1011, 1, 540 (1] 0 0 0 754 019 | 1,380 0 322 Do.
102L 1,582 0 0 0 0 754 19 | 1,380 0 32.2 | Normal, stabilizer up 5°.
103L 1,587 0 0 0 0 754 919 | 1,380 0 32.2 Do.
1ML 1, 576 0 0 0 0 754 819 | 1,30 0 32.2 Do.
105L 1,540 0 [ 0 0 754 919 | 1,380 0 32.2 | Allerons with spin,? stabilizer neuh‘a]
106L 1,563 0 0 0 0 754 919 | 1,380 0 32.2 Do.
107L 1,552 0 0 0 0 754 019 | 1,380 ] 322 Do.
108L 1,564 0 4 0 0 764 919 | 1,380 0 32.2 | Aflerons against spin, stabilizer nentral.
100L 1, 670 0 0 0 0 764 919 | 1,380 0 32.2 Do.
110L 1,670 1] 0 0 0 754 919 | 1,330 0 322 Do.
111L 1, 560 0 0 0 [ 754 919 | 1,380 0 32.2 | Elevator down, stabilizer neutral.
112L 1, 500 ] 0 0 0 754 919 | 1,380 0 322 Do.
113L 1, 560 [ 0 0 0 754 919 | 1,380 0 322 Do.
118R 1,558 0 0 0 0 744 919 | 1,370 0 32.2 | Normal, stabilizer neatral.
120R 1, 564 Y 0 0 0 751 928 | 1,370 0 324 Do.
121R 1,564 0 0 0 0 751 926 | 1,370 0 32.4 Do.
12R 1, 798 0 240 0 0 746 921 | 1,370 0 316 Do.
124R 1,804 0 240 0 0 746 921 | 1,370 0 31.6 Do.
125R 1,804 0 240 0 0 748 921 | 1,870 0 3L5 ] Do.

t Angle between X (body) axis and XTIV (principal) axis
14 Aflerons with spin”’ s alleron deflection such that in ‘normal flight the airplane would be caused to roll in the direction of the rolling of the spin.
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